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Slotted-Cylinder Antenna With a Dielectric Coating 

James R. Wait and Walter Mientka 

Analysis is presented Cor the fields produced by an arbitrary slot on a circular cylinder 
which has a concentric dielectric coating. Expressions for the far-zone fields are developed 
by evaluating the appropriate integrals using a saddle-point method. Numerical results are 
presented for the case of a narrow axial slot for a range of values of cylinder diameters and 
electrical constants of the dielectric coating. There is some evidence that the coating pro- 
vides a trap or a duct for surface waves, resulting in an increase of over-all amplitude of the 
field in the backward direction. 



1. Introduction 

Slotted-cylinder antennas are now becoming ex- 
tensively utilized in microwave radiating systems. 
The great interest in this subject is evidenced by the 
great number of papers on this subject within the 
last decade [1 to 7]. 1 In most of the previous 
theoretical work, the slot is assumed to be cut on a 
circular or elliptical cylinder of perfect conductivity 
and infinite length. The computation of the radia- 
tion patterns is then straightforward, although it can 
be very tedious even if special summation techniques 
are employed. Usually it is desirable to program the 
series formula on an electronic calculator if extensive 
numerical data is required [8, 9]. 

Several years ago one of the authors (J. R. W.) 
was asked to consider the effect of covering the slot 
with a dielectric coating such as a fabric. A solution 
was carried out for an infinitely long axial slot on a 
circular cylinder, which itself was covered by a 
concentric dielectric coating of constant thickness 
[10]. It was shown that, if the coating thickness 
approached zero, the pattern approached uniformly 
the pattern expected for the uncoated cylinder. It 
was then concluded that, if the slot was covered by a 
lossless dielectric coating of very small thickness, the 
pattern would not be modified to any extent. Some 
related experimental work corroborated this con- 
clusion [11]. 

It is the purpose of the present paper to pursue this 
matter further. A solution is given for the fields 
produced by an arbitrary slot on a circular cylinder 
which is covered by a concentric dielectric coating. 
Attention is then focused on the special case of an 
axial slot where the rather cumbersome formulas 
become less foreboding in appearance. Some numer- 
ical results art 4 presented for the far field in the 
equatorial plane of the slot or in the broadside direc- 
tion from the cylinder. It is then possible to give a 
more quantitative viewpoint of the effect of the 
coating. 

It might be mentioned in passing that the plane 
wave scattering by a dielectric cylinder with a 
metallic core has been considered recently by Adey 



[12]. Some of the numerical results obtained by him 
could have some application to the reciprocal antenna 
problem for the case when the slot is circumferential. 

2. Formal Solution 

The cylinder is taken to have a radius a, and the 
concentric dielectric coating has a radius b, as indi- 
cated in figure 1. Cylindrical coordinates {p,<t>,z) 
are chosen to be coaxial with the cylinder. The 
electrical constants of the coating are e and /z and 
those of the homogeneous (air) space outside are e 
and jLt . The tangential electric fields 2 on the 
cylinder are specified, being finite over the area of 
the slot and zero elsewhere. Therefore, following 
the suggestion of Silver and Saunders [7], the 
tangential field is written as a combined azimuthal 
Fourier series and axial Fourier integral, such that 
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where the slot is considered to be bounded by 
</>i<<£'<C<fe and £i<V<2 2 in terms of the primed 
coordinates. A similar relation holds for the 
E z (a,<j),z) component with P m (h) being replaced by 
Q m (h). 

In the subsequent equations, the double Fourier 
representation is considered as an operator to sim- 
plify the notation. For example, eq (1) is rewritten, 
operationally 



E,(a,$,z) = rP m (h), 



(3) 



where the T signifies the multiplication of P m (h) by 
exp[ — ihz— imcj)] and then integration with respect to 
h and summation with respect to m. 

In region I, defined by a<p<b, the fields can be 
represented as a superposition of TM (transverse 
magnetic) and TE (transverse electric) modes [13], 



1 Figures in brackets indicate the Literature references at the end of this paper. 2 Tne time factor exp(?W) is employed throughout. 
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Therefore, the electric and magnetic field components 
are given by 



E z = r [u 2 a m H m + u 2 A m J m ] , 
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where J m =J m (up), the Bessel function of the first 
type of order m; where H m =H% ) (up), the Hankel 
function of the second kind of order m; and where 
u= (k 2 —h 2 )K and &=(€/x)^«. The coefficients a m 
b m , A my and S w are independent of p, <j>, and z, but 
are as yet unknown. 

In region II, defined by p>6, the representation is 
also a superposition of TM and TE modes, but now 
only the Hankel function is needed because it has the 
proper asymptotic behavior for large values of p. 
Therefore, 
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(11) 

(12) 
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(14) 
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where H m =H^ (u p),u = (*o— Af)* 4 , and & = (coMo)** w . 
The coefficients c w and ri m are independent of p, 0, 
and 2. 



The EV and 2£ 2 components in region I must reduce 
to the prescribed behavior at p=a, as noted by eq 
(1). Furthermore, the E+, E z , H^ and H z com- 
ponents are continuous at p— 6. Together these 
conditions lead to six linear equations to determine 
the six unknown coefficients. Symbolically, this 
set is 

Q'mpQ'm I V-m p® 'ml ^wp^ra i 13 mp™ m\ C mpC m I ^r« p^ra == %mpy 

(16) 

where the coefficients with the double suffix are given 
conveniently in table 1 for p from 1 to 6. It is now 
a simple matter to solve for the coefficients in deter- 
minant form. For example: 
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(17) 



D 

where the dots indicate generally finite factors ob- 
tained from the table. D is the six by six determi- 
nant of the first six columns in table 1. Expanding 
these determinants leads to explicit, although 
lengthy, expressions for the fields. 

3. Far-Zone Fields 
The resulting integrals in region II are of the form 



'~u: 



F m (h)H™(u p)e- l »dh, 



(18) 



where the dependence of the geometrical factors of 
the coated cylinder and the excitation parameters 
are lumped into F m (h). For large distances from 
the cylinder such that fcp^l, the Hankel and 
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exponential functions are rapidly varying so the 
integral can be evaluated by the method of steepest 
descents. The procedure is straightforward [6] if it 
is remembered that the original contour in the h 
plane must be indented above the branch point at 
h=k and below the branch point at h = — k. The 
result is 



f -ikR 



(19) 



where R=(p 2 +z 2 )*> and d = tan" 1 (p/z). 

The far-zone form of the fields in region II are then 
simply obtained by replacing the Fourier operator 
T b}^ its steepest descent form, such that 



TF m (h)Q*2i 
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where terms which vary as l/R 2 , l/P 3 , etc., are 
neglected. 

4. Equatorial-Plane Fields 

Even after making the far-zone approximation, 
the expressions for the fields are very cumbersome. 
The situation is simplified somewhat, however, if 
the observer is in the equatorial plane (2 = or 6 = 
7r/2). This case is considered here and, furthermore, 
the slot is considered to be in the form of a narrow 
rectangle with its long side parallel to the cylinder 
axis. The integration, over the slot coordinates, 
indicated by eq (2) then simplifies to 

P.WsPJOJs -^ £ V(z'W, (21) 

where the center line of the slot is at </> = and 
V{z') is the transverse voltage along the slot. 

The far-field in the equatorial plane is then con- 
veniently written 



where the pattern factor is given b> 
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The prime over Bessel or Hankel function indicates 
a derivative with respect to its argument. As a par- 
tial check on this result it can be seen, if b=a or if 
€=€ and k=k , that 



h[)(i m = Q 



cos m<f>e imir/2 
Hn'(k a) 



(26) 



which is quite well known [1]. 

The equatorial-plane field is thus proportional to 
the integrated voltage moment along the slot, a 
simple radial factor that represents an outgoing 
spherical wave and a rather complicated azimuth 
factor. The structure of the solution is closely re- 
lated to a two-dimensional (scalar) problem carried 
out previously [10] for an infinite axial slot with a 
uniform transverse voltage, V, throughout its length. 
The radiation field for this problem can be written 



E^-toOe^V 
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which has the form of an outgoing cylindrical wave 
with the same azimuthal dependence, P(0), as for 
the finite slot. This two-dimensional counterpart 
is of further interest because it has a well defined 
acoustic analogy. In this instance, E+ is propor- 
tional to the pressure field, in a medium whose wave 
number is k 0j emanating from a cylindrical radiator. 
The source is a rigid cylinder except for the narrow 
axial slot where the normal velocity is specified. 
Surrounding this cylinder is a film whose acoustic 
wave number is k and a density, relative to the outer 
medium, equal to e/€ . 

Although the prime purpose, stated in the intro- 
duction, is to evaluate the effect of the dielectric 
coating, it does seem worthwhile for the sake of 
completeness to consider the effect when /x//z is 
different from unity. Composite materials can be 
produced whose macroscopic permeability differs 
from unity so the results ma}' be quite significant 
in their own right. 

Keeping in mind the above points, numerical com- 
putations of P(<t>) were carried for two sizes of cylin- 
ders (k a=2 and 3) and for a range of values of 
k b, e/eo, and m/mo- Of course, a detailed study of 
the interrelation between these parameters would 
entail a great deal of numerical work. As a compro- 
mise, only a limited number of sets of calculations 
were carried out for the amplitude and phase of 
P(4>) for intervals of <j> of 10 degrees, using available 
tables of Bessel functions [14]. Case I refers to the 
set of calculations where nlfx =\, (ele )^ = N and 
case II to the set where e/€ =l, (n/no)*=M. Setting 
A=k Q a and B=k Vt b, results were obtained for case I, 
taking 

A=2.0, N=2.0, with 5=2.1, 2.2, 2.3; 
^4=2.0, JV = 1.5, with B=2.2; and 
.4=3.0, N=2.0, with P=3.2. 

Corresponding values were obtained for case II with 
M replacing A 7 . For sake of comparison, the two 
relatively trivial situations, A=B = 2.0 and A=B= 
3.0, were also considered. 

The numerical results are summarized in tables 
1, 2, and 3 with the appropriate values of A, B, and 
N or M at the head of each column of entries. If 
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further values of P{4>) are required at smaller inter- 
vals of 4>, they can be computed directly from the 
following formula 



P(4>)= 



n \ nk , HD,n COS m0; 



(28) 



where D m is a Fourier coefficient listed in tables 4 and 
6 for values of m up to 10. For the uncoated cylin- 
der, where A=B, it is convenient to redefine the 
Fourier representation of P{<t>) by 



P(4>)= n -^1L,dm cos m<j» 



(29) 



where d m is tabulated in table 7. 

The amplitude and phase 3 of P(#) are shown 
plotted in figures 2 to 7. The set in figures 2, a, 
and 2, b, indicate, in a graphic way, the effect of 
varying the thickness of the dielectric coating for a 
fixed value of a. Figures 3, a, and 3, b, show the 
influence of the dielectric constant of the coating 
material and figures 4, a, and 4, b, pertain to a larger 
cylinder. It appears from these curves that the 
only significant change in the pattern, resulting 
from the addition of a dielectric coating, is to enhance 
the ripples in the curves. Physically, it may be 
supposed that the radiation from the slot travels 
around the periphery of the cylinder in both direc- 
tions. The coating apparently " traps' 7 these pe- 
ripheral surface waves to some extent and conse- 
quently enhances the standing wave pattern. The 
fact that the period of this standing wave pattern 
does not depend essentially on the dielectric constant 
would indicate that surface wave is guided, with 
considerable leakage, along or just above the di- 
electric-air interface. The only essential effect of 
increasing the size of the cylinder is to increase the 
number of ripples and reduce their magnitude 
somewhat . 

The set of curves in figures 5 to 7 correspond to a 
coating whose permeability relative to free space is 
M 2 . The pronounced effect of wave trapping by a 
permeable layer is striking. The ripples in the 
pattern are much larger than the corresponding ones 
for the purely dielectric coating. Furthermore, it is 
apparent that the period of the ripples is modified 
by the permeability ratio M 2 , indicating that the 
trapped peripheral surface waves are largely con- 
fined to within the film. Therefore, their phase 
velocity is mainly determined by the wave number 
k rather than k Q . 

5. Concluding Remarks 

The analytical expressions developed herein are 
available for any future calculations of patterns of 
slotted cvlinder antennas with dielectric coverings. 



3 Actually the quantity plotted is the phase lag, which is simply the negative 
of the phase. 
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The formulas could probably be programed for 
machine calculators if further numerical data are 
required. The complexity of the numerical pro- 
cedures becomes excessive when the directions are 
not in the equatorial plane. It would seem to be 
desirable to search for an approximation technique 
to supplement this work. At the moment, the 
outlook is optimistic, using techniques based on 
simplified boundary conditions. In any event the 
rigorous calculations presented here should provide 
a comparative basis for checking any new approxi- 
mate formulations. 

On the basis of the limited calculations presented 
here it can be concluded that a thin dielectric film 
would have only a small effect on the radiation 
pattern for an axially slotted cylinder. On the other 
hand, a thin permeable film encasing the cylinder 
would substantially modify the pattern, indicating 
the presence of trapped peripheral surface waves. 
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Table 1. List of coefficients 
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Table 2. 77k pattern function, P(<t>) 
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Table 3. Tht pattern function, P(<f>) 

Case II 



.1 


2.0 


2.0 


2.0 


2.0 


3. 


B 


2.1 


2.2 


2. M 


2. 2 


3. 2 


M 


2.0 


2.0 


2. 


1.5 


2. 


Amplitude P(<t>) ' 


deq 















3.24416 


2.31378 


2. 03562 


2. 95396 


2.21707 


10 


3. 22684 


2,39152 


1.9SS75 


2. 96226 


2, 33487 


20 


3, 17033 


2, 60844 


2.01230 


2. 97840 


2, 6)8975 


30 


A, 06456 


2. 902 IS 


2,38631 


2, 97777 


3, 1 1516 


10 


2, 90306 


A, 15717 


3,03508 


2. 92675 


A, 38660 


50 


2.69616 


A. 23706 


3. 60060 


2.79816 


A. 1 53 1 1 


60 


2. 1S507 


3.04068 


3. 75S66 


2. 59546 


2. 55238 


70 


2. 33! ISO 


2. 58334 


3.33416 


2. 375S1 


2. 34847 


80 


2.31662 


2. 10152 


2. 3924;-; 


2. 24065 


2.03S50 


90 


2. 3SSS9 


2.07101 


l . 53994 


2. 24916) 


3.32516 


100 


2. 44442 


2.54071 


2.05310 


2. 32363 


2.81911 


no 


2. 35724 


2. 97 ISS 


3. 0930S 


2. 30334 


1.75203 


120 


2.07477 


2.98713 


3. 59479 


2.06652 


1.03906 


130 


1 . 5 13X9 


2. 1170.". 


3. 22720 


L. 59490 


2.00073 


1 10 


0.984364 


1. 11S20 


2.03580 


1.01060 


2. 90070 


150 


.838475 


0.753540 


0.563512 


0.836482 


1.6)7907 


160 


1.25306 


1 . 63859 


1.66202 


1. 10270 


0.OS23OI) 


170 


1.6)6607 


2.51597 


2.96109 


1 . 58455 


2.24128 


ISO 


1.82366 


2. 84481 


3. M712 


1.74717 


2.92864 






P 


hase P(<t>) 






deq 


deq 


<t( a 


deq 


deq 


deq 





195.746 


181.927 


203.376 


L98.928 


244.215 


10 


194. 478 


179.037 


196. 34S 


197.452 


238. 733 


20 


190.593 


173. 720 


176.260 


193.110 


226. 331 


30 


183.829 


165.967 


152.122 


ISO. 060 


213. 095 


40 


17:-!. SI 6 


157.381 


134. 364 


176.340 


200. 028 


50 


159.886 


147. 730 


1 22. 650 


163.649 


183. 651 


60 


141.448 


135.613 


113.362 


147.2;-iS 


155.984 


70 


1 18. 679 


117. 878 


102.969 


126. 19S 


110.576 


80 


9:-!. 6919 


ss. 8039 


85. 1765 


100. S93 


71.5498 


90 


69. 8430 


49. 4196 


40.0331 


74. 0644 


47. 2343 


100 


49. 0554 


18.1857 


-17.5717 


51.5239 


24. 8248 


110 


31.0754 


-0. 997004 


-40. 9840 


32. 4240 


-16.9857 


120 


14. 140S 


-14.2601 


-52.0521 


15.746)5 


-88. 3266 


130 


-4.71149 


-26. 450S 


-59.9543 


- 1 . 96S22 


-119.898 


140 


-36. 370S 


-46. 0996 


-69. 9043 


-30.1175 


-134.839 


150 


-94. 4545 


-120.536 


-125.229 


-68. 1046 


-150.876 


160 


-132.229 


-174.099 


-221.830 


-130.191 


-262.113 


170 


- 1 15. 790 


-1S6.333 


-231.038 


-144.773 


-304.272 


180 


-149.319 


-188.884 


-232.834 


-148.435 


-308. 123 
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Table 4. The pattern function, P(<j>) 



A 


2.0 


3.0 


A 


2.0 


3.0 


B 


2.0 


3. 


B._. 


2.0 


3.0 


<f> 


4> 


Amplitude | P(<f>) \ 


Phase of P(</») 


deg 






deg 


deg 


deg 





2. 91946 


3.01228 





213. 310 


268. 778 


10 


2. 91276 


3. 00388 


10 


211. 744 


266. 384 


20 


2. 88927 


2. 97364 


20 


207. 088 


259. 219 


30 


2. 83980 


2.91104 


30 


199. 443 


247. 294 


40 


2. 75287 


2. 81299 


40 


188. 880 


230. 567 


50 


2. 62188 


2. 69702 


50 


175. 358 


209. 146 


60 


2. 45475 


2. 59185 


60 


158. 719 


183. 822 


70 


2. 27965 


2. 49434 


70 


138. 910 


1 56. 249 


80 


2. 13482 


2. 34577 


80 


116.525 


127. 691 


90 


2. 03659 


2. 08708 


90 


93. 2106 


97. 6070 


100 


1. 95124 


1. 76251 


100 


70. 9499 


63. 3880 


110 


1. 81096 


1. 53456 


110 


50. 6797 


23. 9124 


120 


1. 56192 


1. 47497 


120 


31. 6970 


- 14. 0465 


130 


1. 20474 


1.39522 


130 


11. 2645 


-43. 9331 


140 


0. 827194 


1. 10650 


140 


-17.8471 


-68.8592 


150 


. 659909 


0. 648455 


150 


-65.1264 


-102.298 


160 


. 830784 


. 488877 


160 


-104.451 


-176.508 


170 


1.05811 


.815190 


170 


-121.274 


-216. 288 


180 


1. 14974 


. 978586 


180 


-125.766 


-224. 045 



Table 5. Real and imaginary parts of D m 
Case I 



A 

B 

N 


2.0 
2.1 
2.0 


2.0 
2.2 
2.0 


2.0 
2.3 
2.0 


2.0 
2.2 

1.5 


3.0 
3.2 
2.0 


m 


Real 


Imaginary 


Real 


Imaginary 


Real 


Imaginary 


Real 


Imaginary 


Real 


Imaginary 



1 
2 
3 
4 

5 
6 

7 
8 
9 

10 


-11.2226 
-23. 5768 
-11.9489 
+ 4.2228 
+0. 069988 

-. 728316 
+2. 11X10-* 
+0. 018472 
-4.38X10-* 
-0.000272 




+2. 09515 
-2. 24456 
-22. 4385 
-?. 88595 
+ 3.61684 

+0. 000862 

-.125133 

-6.57X10-' 

+0. 002381 



-2.79X10-5 


-12.7066 

-25.8912 

-15.5227 
+7. 9116 
+0. 126520 

-.909943 
-9.3X10-" 
+0. 022940 
-2. 49X10-* 
-0. 000335 




+1.96495 
-1.84874 
-23. 7477 
-4. 83094 
+4. 56540 

+0. 001481 
-.155779 
-2.48X10-7 
+0. 002948 
-1. 15X10-* 

-3.42X10-5 


-13.8062 
-29.1592 
-20.4830 
+22. 2909 
+0. 224247 

-1.11811 
-5.06X10-5 
+0. 027259 
-5. 02X10-* 
-0.000388 




+2. 95754 
-1.06811 
-24. 2632 
-8. 60814 

+5. 78874 

+0. 002667 
-. 187316 
-7. 99X10-* 
+0. 003456 
-7.4X10-9 

-4.15X10-5 


-8.90168 
-18. 7073 
-10.2028 
+11.8857 

+0. 069761 

-.601487 
-2.2X10-6 
+0. 015030 


-0.000217 




+1.68116 
-1.59443 
-17.3962 
-2.78592 
+3.01377 

+0. 000810 

-. 010257 

-6. 4X10- 

+0. 001922 



-2.2X10 5 


-16.5595 
-28. 0280 
-5. 77076 
+44. 6068 
+14. 6735 

-13.0184 
-0. 014469 

+.708769 
+8.4X10-6 
-0. 022283 

+2. 7X10-' 


-15.6040 
-37.0156 
-49. 4498 
-33. 2523 
+39. 6346 

+0. 665336 
-3. 21999 
-0.000213 
+. 137679 
-4.09X10-5 

-0.003674 



Table 6. Real and imaginary parts of D m 
Case II 



m 


Real 


Imaginary 


Real 


Imaginary 


Real 


Imaginary 


Real 


Imaginary 


Real 


Imaginary 



1 
2 
3 
4 


-10.1144 
-23. 4645 
-20.9042 
+13.8792 
+0. 071869 


+5. 17046 
+4. 80230 
-20. 6570 
-4. 47222 
+3. 64883 


-8. 52101 
-20.2125 
-27.0293 

+24. 4545 
+0. 141618 


+7. 38167 
+10. 7968 

-9. 50909 
-14.3722 

+4. 75266 


-6.04711 
-15.8423 
-22. 7941 
+18. 3439 

+0. 292332 


+7. 78317 
+13. 1521 
-0. 004936 

-38. 8382 
+6. 37791 


-8.06944 
-18.4190 
-14.1839 
+12. 1601 

+0. 52345 


+3. 64159 
+2. 76455 
-16.0117 
-2.99106 
+2. 74666 


-18.5527 
-36. 1706 
-27.5801 
+10. 0303 
+59. 0508 


-4.24158 
-14.4406 
-31.2589 
-51.4962 
+43. 1818 


5 
6 

8 
9 


-.682888 
+.00000177 
+. 015869 
-.0000000344 
-.0002201 


+0. 000684 
-.111720 
-.00000034 
+. 001981 



-.816135 
-.0000011 
+. 017896 
-3.51X10-8 
-0. 000242 


+0. 001061 
-. 128662 
-3. 12X10-" 
+0. 002203 
-9.3X10-9 


-.975191 
-.000065 
+. 020054 
-.000000037 
-.000266 


+0.001744 
-.146022 
-.00000064 
+. 002436 
-.0000000053 


-.520690 
-.0000015 
+.012221 

-0. 000170 


+0. 000487 
-.085703 
-.00000048 
+. 001530 



-16.4855 
-0. 015533 

+. 655667 
+. 0000096 
-.019108 


+1.23400 
-3.30210 
-0.000158 
+.119019 
-.000045 


10 





-.000022 





-0. 0000241 





-.000027 





-0.000017 


+. 00000026 


-.002903 
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Table 7. Real and imaginary parts of d m 





A = 
B= 


= 2.0 
= 2.0 


.1 = 
B= 




=3.0 
=3.0 


m 










Real 


Imaginary 


Real 


Imaginary 



1 
2 
3 
4 


-1.67622 
-3. 50102 
-1.44185 
+1. 82162 
+0.006261 


+0. 310971 
-.400130 
-3. 28618 
-0. 270294 
+. 454036 


-1.53852 
-2. 54238 
-0. 160813 
+4. 33813 

+0. 548382 


-1.47332 
-3. 53029 
-4. 62823 
-2. 03120 
+2. 81856 


5 
6 

8 
9 


-.090604 


+0.002214 


-0. 000031 


+. 000063 
-.015290 


+0. 000280 




-. 884368 
-.000500 
+. 048952 

-0. 001603 


+0. 023621 
-. 223038 
-. 000008 
+. 009409 



10 





-0. 000003 





-0. 000245 




€ 0'^C 



Figure 1. Coordinate systems for the dielectric-coated cylinder 
of infinite length. 
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Figure 2. Pattern of slotted-cylinder antenna with a dielectric 
coating showing effect of thickness. 
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Figure 3. Pattern of slotted-cylinder antenna with a dielectric 
coating showing effect of refractive index. 
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F I CURE 4. 



Pattern of slotted-cylinder antenna with a dielectric 
coating for a larger cylinder. 
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Figure 5. Pattern of slotted-cylinder antenna with a permeable 
coating showing effect of coating thickness. 
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Figure 6. Pattern of slotted-cylinder antenna with a permeable 
coating showing effect of refractive\index. 



Boulder, Colo., October 25, 1956. 
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Pattern of slotted-cylinder antenna with a permeable 
coating for a larger cylinder. 
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